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FOREWORD 
Understanding the nature and dimensions of the world food problem and 
the policies available to alleviate it has been the focal point of the IIASA Food 
and Agriculture Program since it began in 1977. 
National food systems are highly interdependent, and yet the major policy 
options exist at  the national level. Therefore, to explore these options, it is 
necessary both to develop policy models for national economies and to link 
them together by trade and capital transfers. For greater realism the models in 
this scheme are being kept descriptive, rather than normative. In the end it is 
proposed to link models to twenty countries, whlch together account for nearly 
80 per cent of important agricultural attributes such as area, production, popu- 
lation, exports, imports and so on. 
l h s  report presents the results of work on the agricultural production 
module for Brazil; it is part  of the work devoted to building an agricultural policy 
model for that country. As understanding supply responses to various possible 
policy instruments is a critical part of much of agricultural policy analysis, this 
work is a significant element of the IIASA agricultural policy model for Brazil. 
Kirit S .  Parikh 
Acting Program Leader 
Food and Agriculture Program 
PREFACE 
Brazil has one of the world's most dynamic economies, with sustained high 
growth since 1964. The agricultureal sector has made a substantial contribution 
to t h s .  Much of the growth here has been acheved by increasing the cropped 
area with relatively modest increases in yield. 
T h s  paper analyzes overall growth performance of this sector and provides 
estimates of supply functions for 19 commodities. These estimates are based 
primarily on time series data over the period 1964-1977. 
The results form a basis for the agricultural production module whch  is 
used in the Brazil general equilibrium planning model. 
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Ths  working paper discusses agricultural production in Brazil. It is one of a 
series of working papers leading to a general equilibrium model for the Brazilian 
economy. 
T hs  model is macro but places particular emphasis on the agriculture sec- 
tor. In t h s  sector twenty commodities are treated separately. In view of the 
rather limited resources available for the overall exercise, the treatment of 
some of these commodities may not be detailed enough. However, the modular 
design of the  program allows one to replace any of the existing subsystems with 
an improved one relatively easily. The current working paper should be 
reviewed as simply a record of the first approximation to modelling the produc- 
tion structure. 
The paper has four main parts.  
- Agriculture and the National Economy: 
Here the contribution of agriculture to the economy and in particular its 
role in production, demand and foreign trade a re  discussed. 
- Resource Base: 
Ths  section discusses extremely briefly some of the resources whch  give 
Brazilian agriculture its particular character, the land and labor force. 
Technology is particularly important but is not discussed at  t h s  stage. 
- Supply Functions: 
A number of supply functions were estimated for 19 of the principal com- 
modities. These are  plotted in the Appendix. 
- Trends: 
Recent trends are  summarized and selected policy issues are discussed. 
These policies are later analysed in the context of the overall macro stu- 
dies. 
2. ROLE OF AGRICULTURE IN NATIONAL ECONOMY 
The contribution of agriculture to the national economy is summarized in 
Table 2.1. It is seen that t h s  contribution was about 10% in i977, down from 
18.5% in 1960. This falling share of agriculture is observed in most countries 
during the process of development. 
The growth of agriculture a t  constant prices is given in Table 2.2.  It is seen 
that over the period i970 to 1977 agriculture increased by 54% while the gross 
domestlc product increased by 91%. This was achieved despite the strong con- 
tractionary impact of the 1973-74 oil price rise. 
2.1. International Role 
Brazil is a major exporter of agricultural goods. Historically coffee dom- 
inated exports, but in recent years processed and semi-processed commodities 
have contributed larger shares as shown in Table 2.3. Within agriculture exports 
have also become more diversified. It is to be noted that soya has increased 
dramatically but also items such as orange juice are growing rapidly. One also 
notes the increasing contribution of semi-manufactured agricultural products. 
This has a particularly favourable impact on domestic employment. 
On the import side the principal agricultural commodity is wheat, which 
typically accounts for about 3% of imports (370 million U.S.8 in 1975). Fertiliz- 
ers  also constitute an important import item. In 1975 t h s  item accounted for 
about 300 million U.S. $ of imports. 
2.2. Domestic Demand 
Most agricultural output goes to satisfy food needs and industrial demand 
within Brazil. Demand is discussed in detail in the working paper on consump- 
tion. In 1975 the average share of income spent on food is 0.24 and the income 
elasticitiy is estimated a t  0.49 (Based on EPU'DEF data). 
The principal food items in value terms are wheat, rice, dairy and beef pro- 
ducts, whch  account for 9.4, 9.5, 8.2 and 17.1 per cent of total food expenditure. 
The large beef component is particularly striking since pork, poultry and eggs 
account for a further 14%. 
Agriculture also provides significant levels of raw materials for industry. 
These include cotton and more recently sugar for the gasahol program. 
In summary agriculture in Brazil plays a number of roles. 
- satisfy domestic food needs 
- supply raw materials for industry 
- make a substantial contribution to balance of payments 
- provide significant amount of employment, 
The first three are usually adressed by direct policy measures. Inevitably 
particular policies may be more suited to meeting one or other of these goals. 
In some instances a policy may make a positive contribution to one whle having 
a negative effect on another. However, a n  appropriate policy package would 
seek to  meet all goals. In order to address some of these issues the agriculture 
sector is now considered in more detail. 
3. RESOURCES FOR AGRICULTURE 
3.1. Labor Force 
Population and labor force statistics are  summarized in Table 3.1. It is seen 
that  the agriculture labor force in 1977 is more than 40% of the total labor force. 
Thus agriculture plays a major role in employment. Since this 40% accounts for 
is only 10% of G.D.P., it follows that  there is a wide disparity between average 
incomes in agriculture and nonagriculture. 
TABLE 2.1.  Gross Domestrc Product by Klnd of Economrc Ac t lv l ty .  
In  Producers '  Values, a t  Current  Prrces  
Braz i l i an  c r u z e u o s  
1 9 6 0  1 9 6 3  1 9 6 5  1969 1 9 7 0  1 9 7 1  1 9 7 2  1 9 7 3  197U 1 9 7 5  1976 1977 
1. Agrlcul ture .  hunting, 
f o r e s t r y  and f i s h i n s  
a t  Agr i cu l tu ra l  and 
l i v e s t o c k  
product ion 
b )  Agr i cu l tu ra l  
s e r v i c e s ,  hunt ing,  
e t c .  
C )  Fores t ry  and 
logging 
2. n in ing  and quarrying 
a )  I n d u s t r i e s  
4. E l e c t r i c i t y ,  gas  and 
water 39 1 7 0  6 3 3  
6 0 8  2 5 1 6  3 5 7 5  U775 6 7 3 7  8 6 3 0  1 1 9 2 5  1 8 1 6 8  26U67 U W 9 5  
5. Construct ion 3 3  l U 2  3 U l  
19U6 8 0 8 3  993U 1 2 5 5 5  166U9 229UU 3U988 U7398 7068U 1 0 8 8 8 9  
6 .  Ijholesale and r e t a i l  
t r ade ,  r e s t a u r a n t s  and 
ho te l sa  338 l U 9 U  4 0 5 9  
5 5 2 1  2 0 0 4 5  2 6 2 8 3  3 5 3 6 7  U 6 5 7 1  6U710 9 5 8 1 9  1 3 2 8 2 9  2 0 1 2 8 9  2 9 6 7 3 5  
7 .  Transpor t ,  s to rage  and 
comur.rcation 105 6 7 7  1998 
2 2 9 3  6 9 1 9  87UO 11236 1500U 2lOUO 2 9 6 8 2  4 2 6 2 0  6 6 8 3 3  1 0 2 8 2 2  
8 .  Finance. insurance,  
r e a l  e s t a t e  and 
business se rv icesb  2 2 0  9 6 9  3 1 2 6  
0 1 6 7  1 7 8 2 3  2 3 1 3 1  3 1 8 2 7  UOU90 5U076 7 3 0 0 6  l l U u 8 8  1 8 9 6 9 7  3116U2 
9 .  Comuni ty ,  s o c i a l  
and personal 
servicesabc 287 1 2 2 2  UOU2 
UU99 12557 1598U 20U87 2561U 3210U UU608 6 0 6 7 1  9 1 1 6 4  1338U7 
10.  Less: Imputed bank 
s a r v i c e  charges  
(p resen t  SNA) - - - 
- - - - - - - - - 
Domestic product of 
i n d u s t r i e s  2 0 0 1  8 8 0 7  2 6 5 9 3  
335U5 1 1 7 8 6 5  1 5 1 9 0 3  20U115 26762U 369U6U 5U2360 7 6 7 2 9 1  1179U17 17960U6 
b)  Producers of  Government Services  
Domestic product of 
government s e r v i c e s  
C )  Summatron 
1. Domestic product 
excluding import 22U6 1 0 0 1 7  3 0 1 4 7  
du t i e sd  3 6 6 6 7  1 2 9 1 8 8  1 6 7 2 2 9  22UU23 2 9 3 3 6 6  UO2UUU 5 8 6 7 5 6  8 3 3 9 8 5  i283UOC 1939UU2 
S t a t r s t ~ c a l  drscrepancy 505 1 9 1 2  6 6 7 1  
7U06 3 2 7 1 3  U1072 5 2 3 8 5  6 9 8 0 2  9 5 8 6 3  1 3 2 7 6 3  1 7 5 3 9 a  2 7 6 8 7 '  U13333 
Gross domestzc p r o i u c t  
i n  purchasers ' values 2 7 5 1  11929 3 6 8 1 8  
UU073 1 6 1 9 0 0  2 0 8 3 0 1  2 7 6 8 0 8  3 6 3 1 6 7  4 9 8 3 0 7  7 1 9 5 1 9  1 0 0 9 3 8 0  1 5 6 0 2 7 1  2 2 5 2 7 7 5  
a )  Item 'Restaurants  and h o t e l s '  r s  included i n  i tem 'Comuni ty ,  s o c i a l  and personal s e r ~ i c e s ! .  
5 )  Business se rv ices  a r e  included in  item 'Community, s o c i a l  and personal s e r v i c e s ' .  
c )  Itam "Jomestrc se rv rces  of households '  1 s  included i n  rtem 'Comuni ty ,  s o c i a l  and personal  S ~ Z V ~ C ~ S ' .  
d )  Net domestic proaucz i n  f a c r ~ r  values .  
el Rela t inp t o  deprec ia t ron  anC r n d i r e c t  t a x e s  ne t  of subs id i e s .  
SomCz: based on U.N. Yearbook of Natronal Account S t a t i s t i c s .  1978.  
TABLE 2.2. Gross D o m e s t i c  P r o d u c t  by Kind o f  Economic A c t i v i t y ,  
I n  P r o d u c e r s '  V a l u e s ,  a t  C o n s t a n t  P r i c e s  
Index  numbers 1970 =.I00 
A t  c o n s t a n t  p r i c e s  of:1970 
a )  I n d u s t r i e s  
1 .  A g r i c u l t u r e ,  h u n t i n g  
f o r e s t r y  and  f i s h i n g  - - 97.9 99.0 100.0 111.4 116.0 120.1 130.3 134.7 140.3 153.8 
2. Mining and  q u a r r y i n g  - - 56.8 85.5 100.0 103.7 115.0 129.2 183.5 195.5 197.2 187.9 
3. M a n u f a c t u r i n g  - - 61.7 89.4 100.0 115.2 132.0 153.3 166.2 173.6 191.9 196.3 
4. E l e c t r i c i t y ,  g a s  and  
w a t e r  - - 63.4 90.1 100.0 112.3 125.0 143.8 161.7 178.2 196.2 221.5 
I 
5. C o n s t r u c t i o n  - - 69.4 97.0 100.0 112.5 122.2 140.6 157.6 178.5 201.3 219.5 + 
6. Wholesa l e  and r e t a i l  I 
t r a d e .  r e s t a u r a n t s  
and h o t e l s  - - 65.9 90.7 100.0 114.1 126.6 147.6 161.3 166.9 181.4 187.7 
a )  Who le sa l e  and  
r e t a i l  t r a d e  - - 65.9 90.7 100.0 114.1 126.6 147.6 161.3 166.9 181.4 187.7 
b )  R e s t a u r a n t s  and 
h o t e l s  - - - - - - - - - - - - 
7. T r a n s p o r t ,  s t o r a g e  
and communica t ion  - - 64.8 90.5 100.0 107.4 120.2 140.8 158.7 177.4 190.6 198.4 
b )  Summation 
1 . Donlestic p r o d u c t  
e x c l u d i n g  i m p o r t  
d u t i e s a  - - 69.1 91.9 100.0 113.3 126.6 144.2 158.3 167.3 182.7 190.8 
- -- 
SOIIRCE: U . N .  Yearbook o f  N a t i o n a l  Account  S t a t i s t i c s ,  1978. 
T a b l e  2 .3 .  B r a z i l :  E x p o r t  by P r i n c i p a l  Commodity Groups 
( In  b i l l i o n s  o f  U.S. d o l l a r s )  
T o t a l  e x p o r t s ,  f . o . b .  8.67 1 0 . 1 3  12.12 
P r i m a r y  p r o d u c t s  
C o f f e e  b e a n s  
S u g a r  ( e x c l u d i n g  p r o c e s s e d  
s u g a r  
R a w  c o t t o n  
I r o n  ore 
Soybean ( g r a i n ,  c a k e  a n d  
meal) 
Beef  ( c h i l l e d  a n d  f r o z e n )  
Cocoa b e a n s  
Manganese ore 
Corn 
S i s a l  
Tobacco l e a f  
F r u i t s  and  n u t s  
P e t r o l e u m  c r u d e  
O t h e r  
Semimanuf a c t u r e s  
C r y s t a l  s u g a r  
Sawn wood 0 .08  0 . 0 5  0 . 0 6  
Castor o i l  0 . 0 5  0 .08  0 .09  
Cocoa b u t t e r  0 . 0 6  0 .07  0 . 1 0  
P e a n u t  and  s o y b e a n  o i l  0 . 1 8  0 . 2 3  0 .31  
O t h e r  0 .27  0 .36  0 . 4 2  
M a n u f a c t u r e s  
S o l u b l e  c o f f e e  
S u g a r  ( r e f i n e d )  
O f f i c e  a p p l i a n c e s  
N o n e l e c t r i c  m a c h i n e r y  
E l e c t r i c  m a c h i n e r y  
T r a n s p o r t  e q u i p m e n t  
C o t t o n  f a b r i c s  a n d  y a r n  
O t h e r  t e x t i l e s  ( i n c l u d i n g  
s y n t h e t i c s )  
P r o c e s s e d  b e e f  
I r o n  a n d  s tee l  p r o d u c t s  
V e g e t a b l e  and  f r u i t  j u i c e s  
Foo twea r  
O t h e r  
O t h e r  e x p o r t s  
( P e r c e n t a g e  c h a n g e s )  
T o t a l  e x p o r t s ,  f  . o . b .  11 .4  16.1  19.8  
P r i m a r y  p r o d u c t s  9 .8  21.7 13.7 
Semimanufac tu re s  -3.4 - 23.8 
M a n u f a c t u r e s  12.6  7 .7  37.6 
SOURCE: C e n t r a l  Bank o f  B r a z i l .  
3.2. Land Use 
Land utilization is summarized in Table 3.2. It is noted that Brazil is one of 
the few remain ix  countries In the world with a large land area that has not y e t  
been cultivated. Thus most of the increase in agriculturaI production has been 
achieved through area expansion. It is not clear how much longer this relatively 
easy option may be available. Scholars such as Homen de Melo suggest that 
after a further 10 years other means will need to be emphasized to increase pro- 
duction. 
The composition of agricultural production is given in Table 3.3 for 1975. 
One notes the large areas allocated to maize and soyabeans in 1975. These 
have undergone further substantial increase since that time. Similarly the area 
under sugar has increased under the recent energy substitution policies. 
3.3. Supply estimates 
Supply functions were estimated for nineteen of the twenty items listed in 
Table 3.3. The major sources of data used in the analysis were: 
- FA0 Supply Utilization Accounts containing information on production, 
usage, t rade and producer prices of agricultural commodities; 
- various issues of Anuario Estatistico do Brazil, used to correct and extend 
time series given by FA0 and for data on items such as credits; 
- various volumes of Conjuntura Economica, used for data on price indices, 
The FA0 supply Utilization Accounts contain data on about 600 commodities 
related to agriculture. Those commodities were aggregated to 19 aggregate 
commodities of FAP (table 3.5) and for each of them one quantitative measure 
was chosen. The measure metric tons is used for homogeneous commodities 
such as grains, bovine and ovine meat and milk. For commodities covering a 
wide range of different products (e.g. vegetables, fruits) the measure is U.S. $ of 
1970. (See Table 3.3 for complete list of units.) Oil crops are  expressed in terms 
of oil and protein components. For each of these the measure is metric ton of 
oil equivalent and metric ton of protein equivalent. Poultry and eggs are  
expressed in metric ton of protein equivalent. Fish is also quantified thls way. 
The detailed description of the aggregation can be found in Fischer and 
Frohberg (1980) and also in Fischer and Sichra (forthcoming). The algorithm 
they use to aggregate data is flexible enough to  modify the number and choice 
of commodities. For Brazil, commodities such as vegetables has been split into 
roots and tubers, pulses and vegetables. A common measurement unit U.S. S 
(1970) is then used. Oilcrops were split into soyabean expressed in metric tons 
and the remainder of the oilcrops were expressed in U.S. $ (1970). Cottonseed 
was removed from the oil crops and is treated as a joint product with seed cot- 
ton. 
In most instances the data covered the years 1964 to 1976 with a few years 
a t  either end for some commodities. T hs  limited time series of approximately 
12 years limited the number of explanatory variables for regression estimates. 
Also the supply functions are  chosen to fit in with the overall general equili- 
brium model so that  the introduction of additional variables was kept to a 
mlnimum. Most crops are modelled by two equations, one for area and the other 
for yield. In most instances the area  variable is assumed to be a function of pre- 
vious year's area,  relative price of the particular commodity and credit availa- 
bility. The specific details are  given in Tables 4 . i  to 4.8. In many instances the 
yield function is a time trend. This variable should be in.terpreted rather care- 
fully. It serves as a surrogate for other variables which were increasing steadily 
over time, such as improved input ; fertilizer, pesticides, seeds. A number of 
these technological factors are discussed by Homen de Melo (1980). At this 
stage of agricultural development, Brazil achieves mast growth through 
increased area,  so that  more detailed yield functions are not deemed necessary 
for  most commodities. For meat production herd size and slaughter estimates 
were made. ldeally one would like a more elaborate estimation scheme. In par- 
tlcular the modelling of substitution eflects could be improved. The present sys- 
tem only treats  this through composite price indices in most instances. Simi- 
larly land substitution is not treated a t  this stage. However in the general equili- 
brium model land constraints are  introduced. 
Individual commodity estimates are now discussed. 
4. COMMODITY ESTIMATES 
Note: all variables and units are given in Table 3.3. 
4.1. Wheat 
Area - Table 4.1, Yield - Table 4.2, Plot - Figure 4.1. 
Wheat is particularly interesting from a policy point of view. It is the princi- 
pal agriculture import and has been the subject of many government at tempts 
to stimulate wheat area.  (Area is a function of previous year area,  relative 
prices of wheat and credit.) Wheat production has experienced large fluctua- 
tions due to dlsease and weather effects. This has been treated by using a 
dummy variable for the yield function. The three plots for area,  yield, output 
are  given in Figure 4.1. 
4.2. Rice  
Area - Table 4.1, Yield - 4.2, Plot - Figure 4.2 
Rice is a staple tha t  typically provides about 25% of the calorie and 15% of 
the protein intake. Rio Grande do Sol, Parana and Minas Gerais have been tradi- 
tional rice growing areas. (In 1976 they accounted for 20, 10 and 11 % respec- 
tively of total rice product~on.)  In recent years the area under rice in Mato 
Grosso has expanded rapidly, to account for 16 % of output in 1976. However, 
the yield here has been around i .3  MT/ha compared to 3.7 MT/ha in Rio Grande 
do Sol. Ideally one should estimate a yield function for each of these regions. At 
the present stage of the analysis a n  average value of 0.98 MT/ha was chosen. 
4.3. Maize 
Area - Table 4.1, Yield - Table 4.2, Plots - Figure 4.1. 
The rapid expansion of maize production has been one of the big success 
stories in recent years. T h s  has been achieved through a significant area 
excansion while yields have increased from 14 t o  16 MT/ha. 
4.4. Roots  and t u b e r s  
Area - Table 4.1, Yield - Table 4.2, Plots - Figure 4.4. 
Roots make a major contribution to the diet of low income groups, particu- 
larly in the Northeast where they account for 25% of the calorie intake. Roots 
are difficult to estimate in most countries. In t h s  instance the yield is 
estimated by step function. It is 2.3 MT/ha for the period 1967-72 and falling to 
2.0 for the period 1973-77. It  is not clear whether this fall in value may be attri- 
buted to real effects rather  than a "data problem". 
TABLE 3 . 1 .  POPULATXGN AND LABOUR FORCE I N  1000S 
B R A Z I L  
AGR LABOUR FORCE TOTAL LABOUR FORCE POPULATION 
SOURCE: 1 .  C o l u m n  1  and 2;  UNIDO based on UN s t a t i s t i c s .  
2 .  C o l u m n  3; A n n u a r i o  E s t a t i s t i c o  D o  B r a s i l ,  1 9 7 8 ,  I B G E  
TABLE 3 . 2 .  LAND U T I L I Z A T I O N  
1 0 0 0  HA 
B R A Z I L  
T o t a l  A r e a  
L a n d  A r e a  
A r a b  and P e r m  CR 
A r a b l e  L a n d  
P e r m  C r o p s  
P e r m  P a s t u r e  
Forest and Wool 
O t h e r  L a n d  
SOURCE: F A 0  P r o d u c t i o n  Y e a r b o o k .  1 9 7 6  
F Fao e s t i m a t e  
TABLE 3.3.  Composit ion o f  A g r i c u l t u r a l  P r o d u c t i o n  (1975) 
Q u a n t i t y  U n i t  Area Gross P r o d u c t i o n  
Producer  p r i c e  
l o 9  C r  
1.  Wheat 
2. R i c e  paddy 
3. Maize & 0 t h .  
g r a i n s  
4 .  Roots & 
t u b e r s  
5. Sugar c a n e  
6. P u l s e s  
7.  Vege tab les  
8.  F r u i t s  
9. Bovine & 
o v i n e  
10. Pork 
11 .  P o u l t r y  & 
eggs 
12. F i s h  
13. Da i ry  
p r o d u c t  
14. Soybeans 
15. O i l  c r o p s  
16. C o f f e e  g reen  
17. Cocoa & t e a  
18. I n d u s t r i a l  
c r o p s  
19. C o t t o n  
20. "Wood" 
[MTI 




SOURCE: based on FA0 s u p p l y  u t i l i z a t i o n  a c c o u n t s  
The u n i t  US$ i s  i n  U.S. d o l l a r s  1970 see Table  3.4 
f o r  d e s c r i p t i o n  o f  u n i t s .  
"The r e p o r t e d  a r e a  o f  v e g e t a b l e s  c o v e r s  approx imate ly  50% o f  
t h e  r e p o r t e d  p r o d u c t i o n .  The r e p o r t e d  a r e a  f o r  f r u i t s  c o v e r s  
o n l y  t h e  banana and melon component o f t h e  r e p o r t e d  p r o d u c t i o n .  
2 ) m i l l i o n  head 
TABLE 3.4.  BPM Commodity A g g r e g a t e s  
U n i t  o f  Most i m p o r t a n t  commodi t ies  
Commodity measurement  i n c l u d e d  
1 .  Wheat 3  1 0  t o n  Wheat 
2 .  R i c e  3 1 0  t o n  R i c e  
m i l l e d  r ice  
3. Maize & 
o t h e r  
g r a i n s  3  1 0  t o n  Maize,  O a t s ,  Rye, B a r l e y ,  sorghum 
Roots & 
t u b e r s  
S u g a r  c a n e  
P u l s e s  
V e g e t a b l e s  
F r u i t s  
Bovine  
Pork  
P o u l t r y  
F i s h  
l o 6  US$ (1970)  
3 1 0  t o n  
l o 6  US$ (1970)  
l o 6  US$ (1970)  
3  1 0  t o n  
( c a r c a s s  
w e i g h t )  
3  1 0  t o n  
(carcass 
w e i g h t )  
3 1 0  t o n  
( p r o t e i n  e .g .1  
3 1 0  t o n  
( p r o t e i n  e. g.  ) 
Sweet  p o t a t o e s ,  P o t a t o e s ,  c a s s a v a  
S u g a r  c a n e  
Beans ,  Broad Beans ,  P e a s  
Garl ic ,  Onion,  Tomatoes ,  P e p p e r ,  
o t h e r  v e g e t a b l e s  and  c o n d i m e n t s  
F r u i t s ,  Nu t s  ( n o t  f o r  o i l )  
C a t t l e ,  B u f f a l o ,  Mutton,  Goat  
Po rk  
I /  P o u l t r y ,  Eggs- 
2/ F i s h  i n l a n d  and- 
13.  D a i r y  
p r o d u c t s  3  10  t o n  
( m i l k  e .g .1  M i l k  
14.  Soybeans  3 1 0  t o n  Soybeans  
P 
15. O i l  c r o p s  l o b  US$ (1970)  Groundnu t s ,  c o c o n u t s ,  palm k e r n e l s ,  
o l i v e s ,  castor b e a n s  
16.  C o f f e e  3 1 0  t o n  
g r e e n  c o f f e e  
- 
17. Cocoa l o 6  US$ (1970)  Cocoa,  Tea 
1 8 .  I n d u s t r i a l  
c r o p s  6  10  US$ (1970)  Tobacco,  s isa l  
19. C o t t o n  3 1 0  t o n  Seed c o t t o n  
1/ 1  MT o f  p r o t e i n  e q u i v a l e n t  e q u a l s  8 . 3  MT o f  c h i c k e n  meat  o r  
- 
9 MT o f  e g g s  
2/ 1 MT o f  p r o t e i n  e q u i v a l e n t  e q u a l s  1 0  MT o f  f i s h  
3/ U.S.$ u n i t s  r e f e r  t o  v a l u e  o f  commodity a g g r e g a t e d  by u s i n g  
- averaqe 1969-71 w o r l d  exmrt ~ r i c e s .  
TABLE 3.5. IIASA and BPM C l a s s i f i c a t i o n  
The cor respondence  between IIASA and BPM c l a s s i f i c a t i o n :  
IIASA commodities BPM commodities 
Wheat 
R i c e  
Coarse  g r a i n  
Animal f a t s  and o i l s  
v e g e t a b l e  o i l s  
P r o t e i n  f e e d  
Sugar  
Bovine and o v i n e  
Pork 
P o u l t r y  and eggs  
Da i ry  p roduc t  
Vege tab les  
F r u i t s  
F i s h  
C of f ee  
Cocoa, t e a  
A l c o h o l i c  beverages  
C l o t h i n g  f i b r e s  
I n d u s t r i a l  c r o p s  
Non-agr icu l tu re  
1 .  Wheat 
2. R i c e  
3. Maize and o t h e r  g r a i n s  
15, 14, 19, o i l c r o p s ,  soybean,  
c o t t o n  s eed  
15, 14, 19, o i l c r o p s ,  soybean,  
c o t t o n  seed  
5. Sugar  c ane  
9.  Bovine and o v i n e  
10. Pork 
11. P o u l t r y  and eggs  
13. Da i ry  p roduc t  
7 ,  4 ,  6, v e g e t a b l e s ,  r o o t s ,  
t u b e r s ,  p u l s e s  
8.  F r u i t s  
12. F i s h  
16. Co f f ee  
17. Cocoa, t e a  
39. A lcoho l i c  beverages  
19,  9 ,  10 ,  s eed  c o t t o n ,  c a t t l e  
h i d e s ,  p i g  h i d e s  
18. I n d u s t r i a l  c r o p s  
20, 21-46 Wood, agro-food 
i n d u s t r y ,  i n d u s t r y ,  f e r t i l i z e r ,  
manufac tu r ing ,  s e r v i c e s ,  
c o n s t r u c t i o n ,  t r a n s p o r t a t i o n ,  
energy  
4.5. Sugar 
Area - Table 4.5, Yield - Table 4.6, Plot - Figure 4.5. 
Area under sugarcane rose steadily in the 1970's to 2.5  million ha in i979. 
However the recent energy policy iritlatives suggest that these may be doubled 
by 1985. Yleld estimation poses a number of dimculties. AbouC 50% of the pro- 
duction in the 1970's comes from Sao Paulo where yields are relatively high, 
around 65 MT/ha. Much of the future expansion can be expected from new land 
with yields around 40 MT/ha. The functional form chosen has both a time trend 
and a price variable. The latter reflects the price received by sugar pr.oducers 
discounted by an index of input costs. 
4.6. Pulses 
Area - Table 4.1, Yield - Table 4.4, Plots - Figure 4.6. 
Pulses pose a dilemma for long term modelling. The area under pulses has 
shown modest increase in the early seventies; however, the yield has been fal- 
ling. The area is modelled by a linear form while yield is assumed to remain con- 
stant at  the average 1973-77 level. 
4.7. Vegetables 
Area - Table 4.5, Yield - Table 4.6, Plots - Figure 4.7 
The area under vegetables has remained relatively stable, while yields in 
recent years have shown some increases. Ideally one should disaggregate to 
capture varying composition effects. 
4.8. Fruits 
Production Table 4.7, Plot - Figure 4.8. 
Fruits are one of the great success stories in recent years, with Brazil now 
achieving a major share of world exports of bananas and citrus fruits and a dom- 
inant role for orange juice. 
4.9. Bovine and Ovine Animals 
Production Table 4.8, Plot - Figure 4.9 
Bovine and ovine animals are modelled by two equations. The herd size is 
largely determined by that of the previous year together with various credits, 
while the quantity of meat produced (slaughtered) is largely determined by the 
herd size. The production structure in Brazil is primarily range feeding, so that  
rainfall and the relation to grazing availability might be added in a more sophls- 
ticated analysis. 
4.10. Pork 
Production Table 4.5, Plot - Figure 4.10. 
Pork forms a major component of the  meat intake of low income groups. 
Again, herd size is largely determined by previous year herd size, price and 
credit availability, while production is taken as a fixed proportion of herd size. 
4.1 1. Poultry and Eggs 
Production Table 4.8, Plot - Figure 4.11. 
Poultry and eggs production is modelled by lagged price and credit availa- 
bility. Thls production complements the rapid rise in feed grain availability and 
also is quite suited to the Northeast, where there have been substantial gains in 
recent years. The domestic demand has also risen due Lo higher income levels 
and expenditure elasticity close to one. 
4.12. Fish 
Production Table 4.8, Plot - Figure 4.12. 
Fish production is modelled by lagged price and a time trend whch is rea- 
sonably close to population growth rate. There have been a number of recent 
efforts to increase both inland and offshore production. It is not evident a t  this 
writing that these attempts will fulfill thew aspirations. 
4.13. Dairy 
Production Table 4.8, Plot - Figure 4.13. 
Dairy is modelled by first estimating herd size and generating the milk out- 
put from this. Herd size is a function of previous year herd, credit and lagged 
price. Credit policy is a major instrument to stimulate output and to stabilize 
incomes of milk producers. 
4.14. Soya 
Area - Table 4.3, Yield - Table 4.4, Plot - Figure 4.14. 
Soya has undergone a phenomenal growth in the 1970s. This has been 
achieved by both area and yield expansion. Area expansion has been achieved 
by government providing infrastructure, favourable prices and credit availabil- 
ity. The investment in infrastructure is not modelled directly. A nonlinear func- 
tional form is used for the yield estimate on the assumption that the recent 
sharp increase will approach 2 MT/ha asymptotically. This value is based on 
current estimates for world yield. 
4.15. Oil Crops 
Area - Table 4.3, Yield - Table 4.4, Plot - Figure 4.15. 
The area under oil crops has been declining since 1970-72 partly due to sub- 
stitution for soya. The model assumes a constant level of 1.55 million ha. based 
on the last four years of data, 1973-76. T h s  pragmatic approach is used for the 
overall model runs over the time span 1975 onwards. 
4.18. Coflee 
Area - Table 4.5, Yield - Table 4.6, Plots - Figure 4.16. 
Coffee plays a critical role in the Brazilian economy. Brazil is the world's 
largest exporter and as such plays a leading role in establishing price levels. 
Domestic policy is designed to adjust stocks to take advantage of t h s  market  
leader position. Weather has a!so played a major role in both the area harvested 
and yield. The area is estimated by using the previous year's area and price. 
Yield variations are treated by including a dummy. This, for instance, picks up 
the sharp fall due to the frost of 1974-1975. Stock adjustments are included in 
the overall model. 
4.17. Cocoa 
Production - Table 4.7, Plot - Figure 4.17 
Cocoa is a relatively specialized commodity controlled by an extremely lim- 
ited number of producers. Total production is estimated as a function of the 
previous year output, a time trend and lagged price ratio. Ideally one would like 
to include longer lags to allow for the  time required to reach fruit bearing age 
but data availability dtd not permit this 
4.18. industrial Crops 
Area - Table 4.5, Yleld - Table 4.6, Plots - Figure 4.18. 
Industrial crops refer primarily to tobacco; the area  estimate includes a 
modest positive time trend of O . O i  MT/ha per year and a relatively strong posi- 
tive price coefficient of 0.18. The yield is modelled by choosing the average 
value over the 1967-1976 period. 
4.19. Cotton 
Area - Table 4.5, Yield - Table 4.6, Plot - Figure 4.19. 
Cotton is a major crop. It provides significant employment both directly in 
production and also through its role as a raw material for the  textile industry. It 
also has a number of important joint and byproducts which include cottonseed 
oil, and cake used extensively for animal feed. Again there  are strong regional 
differences in production technique. Arboreal cotton is mostly produced in 
Ceara and the northeast where yields average 170 kg/ha.  whle  the herbaceous 
variety produced mainly in Sao Paulo and Parana has yield of around 1 MT/ha. 
In t h s  analysis the  area  is a function of previous year 's area and price while 
sharp changes in yield due to disease, for instance, are picked up by a dummy 
variable. In the general model some of the linkages are modelled through an  
input-output type of approach. 
4.20. Wood 
This item is used primarily as  a residual in the general framework. In the  
overall economy a substantial amount of energy is provided by charcoal. The 
total contribution is estimated a t  2.2 x lo9 cr.  for 1975 by using the input output 
framework. T h s  is discussed further in the working paper on the Social 
Accounting Matrix. 
The set  of figures given shows the observed (OBS) and computed (COM) 
values for most commodities. They indicate how much the agricultural output 
has been changing, both in overall quantlty and in terms of its composition. 
Some of these trends are  now discussed. 
5. TRENDS 
Most of the gains in agricultural output have been achieved through 
increased acreage whlle yield improvements have not contributed very much in 
most ~ns tances .  Individual commodities are first discussed. Trends a re  based 
on the perlod 1967-1977 unless otherwise stated. 
5.1. Wheat 
Figure 4.1. 
Acreage has increase from 1 to 3 million ha, over the period 1967-77. Pro- 
duction has varied erratically due to disease and weather primarily. Average 
yields have rarely gone above the 1 MT/ha level. 
5.2. Rice 
Figure 4.2. 
Acreage has increased from 4.5 to over 6 million ha, with production going 
from 4.5 to around 6 million tons. Average yield gain was negligible. This was 
partly due to different regional effects, when much of the expansion was in new 
Table 4.1. Cereals and roots. Area estimation.') 
- 
Dependent I?' 
Variable Area t-l Price t - l  Credit Time Dummy Constant (DW) SE 
Wheat 0.6214 0.3282 3.337 
(0.2742) (0.1942) (2.518) 
Rice 0.8262 1.911 0.1369 -2.987 0.75 0.3837 
(0.3286) (0.7397) (0.0549) (2.143) (1.79) 
Maize 0.7432 2.141~) 17.86 
(0.166) (1.417) (8.138) 
Roots 0.8660 0.3472 -0.1957~) 0.0249 
(0.0228) (0.0533) (0.0256) (2.3) 
'1 This note applies t o  Tables 4.1 and 4.3. 
All equations are estimated in the h e a r  form unless stated otherwise. 
Area is harvested area eqressed  in lo6 ha. Trice is a ratio of the price received by farmers for a 
given commodity t o  total price received Sy farr-ers for the crops unless stated otherwise. Credit is 
value of credit for a given commodity expressed in mill. current cruzekos discounted by the GDP im- 
pBcit price deflator, divided by harvested aree of the commodity. The variable Time equals 0 for the 
year 1060 and increases by one per year. It is a proxy for such monotonic time-related effects as 
growth in mtrastructure, mechanization. The dilrnrny variable re9ects weather and disease effects. 
Price 1s A ratio of tne prices received by farmers for maize to the t o t d  price received by farmers 
for all agricultural output. 
3, Dummy = 1 for 1074, otherwise zero. 
Table 4.2. Cereals and roots. Yield estimation.') 
Dependent R2 
Variable Time Dummy Constant (DW) SE 
Wheat 0.02583 -0 490a2) 0.6749 0.78 0.0979 
(0.0096) (0.076) (0.105) (2.0) 
Maize 0.02078 
(0.003) 
~ o o t s ~ )  for 1967-72 2.331 
for 1373-74 2.019 
'1 This note applies t o  tables 4.2., 4.6. 
All equations are estirrated in the 'inear form. 
Yield is expressed in units as  described in Table 3.3. per ha. 
Time equals 0 for the year 1960 and increases by one per year. It is a proxy !or technological ad- 
vances. 
The dummy variable represents weather and major disease effects. 
Dummy equals 1 ?or the years 19'72, 1075, otherwise 0, 
Tor rice the mean value for the per'od 1986-1077 is taken. 
'1 For roots two mean values are taken corresponding to  the periods 1967-72 and 1973-77. 
Table 1.3. Pulses and Oilcrops. Area estimation -- 
Dependent X2 
Varlable Area Price Credit Thine Dummy Constant (DW) SC 
Soybean 0.5258 4.345 i5.43 
(0.0670) (1.044) (1.041) 
'1 For oilcrops the mean value for the ~ e r j o d  1972-1876 is taken. 
Pdses  are estimated in logerithrnic form. 
Table 4.4. Pulses and Oilcrops. Yield estimation.') 
Dependent 
Variable Form 
Soybean 1 + 1 / (1 +e-0.4('-'3.51) 1 
'1 Yield is expressed in units as described in Table 3.3 per ha. 
'1 For pulses mean v&ue for period 1867-72 and 1973-77 is teken. 
For oil crops mean value for period 106876 is taken. 
Table 4.5. Non-cereals. Area estimation. 
Dependent R2 
Variable Area ,-, Price ,-, Credit ,-, Time Dummy Constant (DW) SE 
Sugar cane 0.9289 
(0.05728) 
Vegetables 0.6931 0.03591~) 
(0.13) (0.014) 
Coffee 0.8076 0.5159~) 
(0.0272) (0.0693) 
Industrial crops 0.01 084 0.1834 
(0.004) (0.056) 
'1 For industrial crops the  mean value 0.6287 was chosen based on ?he period 1067-76. 
'1 Price is a ratio of pcces rccei-ed by !armers for coffee over the total price received by farmers for 
all agricultural output. 
Cotton is estimated in the logarithmic form. 
'1 Dummy equals 1 for the year 1976, otherwise 0. 
Table 4.6. Xon-cereals. Yield estimation. 
Dependent X2 
Variable Time Prlce Dummy Ccnstant {DW) SE 
Sugar cane 3.343 10.52 
(0.657) (2.49) 
Vegetables 0. 1147 
(0.021) 
Coffee 0.01716 -0.1874~) 0.2791 0.61 0.06868 
(0.006) (0.047) (0.069) (1.7) 
Industrial crops1) 0.6297 
Cotton 0.02204 -0.0104~) 0.07814 0.53 0.00558 
(0.01 1) (0.0045) (0.012) (1.96) 
'1 Rice  is a ratio of the price received by farmers for a given commodity to  price of inputs for e given 
commodity. 
e, Dummy equals 1 for year 1976, otherwise 0. 
'1 Dummy equals 1 for the  years 1971, 1976, otherMse 0. 
Table 4.7. Cocoa and Fruit. Production ~s t ima t e . ' )  
Dependent R2 
Variable Produc t i ~ n , - ~  Price,- Time Constant (DW) SE 
Cocoa 0.5347 0.0572 0.004518 0.00947 
(0.068) (0.008) (0.00 1) (2.55) 
Fruit 0.8309 0.02 114 0.1687 0.98 68.39 
(0.2255) (0.01 723) (0.1193) (2.75) 
'1 C equations are estimeted in the linear form. 
Production is expressed in 10' units as described in Table 3.3. Price is a ratio of the price received 
by farmers for a given commodity t o  t o d  price received by farmers for crops. The variable Time 
equals 0 for the year 1960 and increases by one every year. !t !s a proxy for infrastl-ucrure, mecnal~i- 
zation. 
Tab!e 4.8. Meat, Deiry, Fish. ?reduction estimzte.') 
--- 
Dependent R~ 
Variable Xera Herd t - l  Credits t Crcdits t-l Price t-1 Time Constant (DW) SE 
Boviiie . 
a) Herd 0.7678 8 . 9 ~ 4 ~ )  16.58 0.9'2 0.8229 
(0.07 14) (2.59) (4.58) (1.66) 




a) Herd 0.6575 0.005878~) 2.316~) 
(0.2989) (0.0025) (2.1141 
Poultry a ~ d  Eggs 
Fish 0.01982~: 0.02322 0.116 0.98 0.0146 
(0.0044) (0.0043) (0.3 14) (2.3) 
') All equations are  in the  linear form. 
Herd is expressed ir. lo6 heads. Production is expressed in 1c6 units a s  described in Table 3.3. Credit is ei:her in 
mill. cr ihousand cruzeircs per MT. 
Credit is total value of c r e b t  in mlln. current cruzeiros for ecquisition of animals for meat  production &scourit- 
ed by the  GDP implicit price deflator. 
3, Cre&t is a total value of credit in mlln. current  c r u e i r o s  for acquisition of animals for milk production discount- 
ed bp t he  GCP implicit prlce deflator. 
'1 Credit is a total value of credit in mlln. currpnt cruzeiros for improved production discomted by the GDP irnpli- 
cit price deflator. divided by total meat  production. 
'1 Price is a ratic of the  price i eceived by farmers  for the  par:icdar meat over the  total price for mezt. 
6, Price is a ratio of the  pAce received by farrners for the  particular meat over the  total price for aL1 agricultural 
output. 
7, Price is a ratio of t he  producer g n c e  of flsh over the  gsneral 
'1 Estimated as a propcrtionality cors tant  for 1975, 1078. 
Estimated a s  a proportionality constant for 1967-1976. 
lands with relatlvcly low yields. 
5.3. Maize 
Figure 4.3. 
Here production increased from 13 to 20 million h;T. This gain of 54Z was 
accomplished by a 287, increase in area and a 26% increase in yields. 
5.4. Roots 
Figure 4.4. 
Here there was some fall in production from 5.6 to 4.8 million units. Most of 
this may be attributed to a fall in yield of 15% over t h s  period. 
5.5. Sugar 
Figure 4.5. 
Production increased from around 60 to 140 million MT of cane over the 
period 1961-1969. During t h s  period the area went from 1.4 to 2.5 million ha. 
Yields showed only slight gains up to 1975 when the average was 46.5 MT/ha. 
However, in recent years they have begun to increase steadily to 55 MT/ha 
(1979). In view of the high degree of interest in expanding sugar production 
further, t h s  commodity needs more detailed analysis. 
5.6. Pulses 
Figure 4.6 
Here output has shown a modest decline from 0.49 to 0.46 million units. 
This resulted from a 14% decline in yield over the period, which was partly offset 
by some increase in area. 
5.7. Vegetables 
Figure 4.7. 
Vegetable production increased by about 50% over t h s  10-year period. For 
this commodity most of the gain was achieved through yield improvement, which 
accounted for 80% of t h s  increased production. 
5.8. Fruits 
Figure 4.8. 
Production increased by almost 100% over the period 1967 to 1976. This 
was due to substantial increases in banana and citrus fruits. The government 
provided strong incentives to stimulate these commodities, particularly wth a 
view to exploiting the export potential. 
5.9. Bovine and Ovine Animals 
Figure 4.9. 
Generally, improved production can be achieved by increas~ng the herd size 
and improving individual animals. These two approaches roughly correspond to 
capital widening and capital deepening. In most instances both are used. How- 
ever in the Brazilian situation the increase of 30% in production was achieved 
almost completely by increasing the herd size. T h s  is in turn attributable to 
the technology of beef production in Brazil, whch  predominately is range fed. 
5.10. Pork 
Figure 4.10. 
Here production increased by 24% over the period. Again most of this was 
achieved by increasing the stock size, while carcass weight remained virtually 
unchanged. 
5.11. Poultry and Eggs 
Figure 4.1 1. 
Production increased steadily over the period for an overall gain of 90%. 
Again the gain in meat and egg production was achieved through increase in 
stock with average carcass weight and egg yield per bird showng little change. 
5.12. Fish 
Figure 4.12. 
Fish shows a steady increase over the period of 1968 to 1975. However, data 
for this commodity poses many difficulties due to the wide variety of species and 
the absence of an accurate reporting system. 
5.13. Dairy 
Figure 4.13. 
Dairy production increased by 70% over the period (1964-76) This was 
achieved by increasing the dairy herd. The yield per animal remained essen- 
tially unchanged during t h s  period at  800 kg/animal. 
5.14. Soya 
Figure 4.14. 
Soya is another of the great success stories of the 1970s. In 1970 the area 
under soya beans was less than 1 million ha. Ths  had increased to more than 6 
million ha by 1977. Yield also increased substantially during this period, by 
about 8% annually. 
5.15. Oil Crops 
Figure 4.15. 
Oil crops output fell by 20% over t h s  period. Most of this fall may be attri- 
buted to lower acreage over t h s  period, with yields showing a cyclical behaviour 
around 0.108 units/ ha. 
5.16. Coffee 
Figure 4.16. 
For coffee the harvested area has been falling steadily at  around 2% per 
annum over this period, while yields have varied erratically but with an underly- 
ing upward trend of about the same magnitude. 
5.17. Cocoa 
Figure 4.17. 
The harvested cocoa production has an  underlying upward trend. However. 
strong variations in international prices are reflected in output level fluctua- 
tions. Production in the period 1967 to 1976 has gone from around 0.23 to 0.28 
million units. 
5.18. Industrial Crops 
Figure 4.18 
Here the output remained around the 4.5 million unit level up to 197;. 
Since then it has increased rapidly, primarily due to increases in tobacco, for 
which acreage rose to 31 1,000 ha in 1977. 
5.19. Cotton 
Figure 4.19. 
Cotton does not follow as clear-cut a pat tern as most of the other crops. 
From 2.7 million ha in 1967 it rose rapidly to 3.8 million ha in 1970. Since then 
the acreage has fallen steadily to 2.5 million ha in 1976. Yields have fluctuated 
erratically during t h s  period from 0.085 to 0.110 MT/ha. Production accord- 
ingly has varied to a h g h  of 0.4 million in 1969 back down to 0.24 in 1976. 
6. SUMMARY 
From this admittedly cursory analysis a few broad features appear. First is 
that  agriculture in Brazil is an  extremely vital sector with a strong growt,h 
record and potential for further substantial increase. 
Crops 
For most commodities production has increased substantially during the 
period 1967 to ;976. The more notable exceptions are roots, pulses, cotton and 
oil crops. 
Production gains have been achieved through area expansion with yields 
generally showing little increase. Here the exceptions were vegetables and soya 
beans, which experienced significant yield gains. 
Meat and Dairy 
Substantial gains were acheved largely through increases in stock 
numbers. In most instances yield per unit has not changed significantly. 
The overall implications are twofold. During the immediate future, say 5 to 
10 years, production can be increased by bringing more land under cultivation 
or, in the case of beef, increasing the range land available. Increasing this land 
area  requires substantial investment in infrastructure. Ironically the relatively 
low yields may be considered in a positive light. They offer excellent opportun- 
ity for increase by using improved but also costlier inputs such as fertilizers, 
pesticides and herbicides. 
From the supply side prospects are that agriculture can continue to grow at  
approximately the rate of the period 1966-76 when annual growth was around 
5%. This will be achieved by continued investment in infrastructure, attractive 
producer prices and credit ava~lability, and availability of inputs. 
T h s  supply will need to be complemented by an appropriate demand policy. 
Here the problem may be complex. While much of the effective demand can be 
generated domestically, there will be increasing dependence on export markets. 
Demand will be addressed in a separate working paper, while both sides are 
equilibriated in the general equilibrium model in a further paper. 
Policy Issues 
These supply functions suggest a number of policy issues. At one level one 
may indicate what output changes can be expected from changes in producer 
prices or level of credits. Since much of the gains have been achieved through 
area expansion, it is of interest to estimate how much more investment will be 
needed to continue along these lines. 
An alternate question is to evaluate the costs required to increase yield lev- 
els. Thls would require significant technological s h f t s ,  which would need h g h e r  
usage of fertilizer, pesticides and herbicides. It seems that Brazil will be obliged 
to  face this issue withln the next ten years. 
A next set of issues of immediate concern are  the prospective increases in 
the use of crops such as sugar and soya for energy. 
At the macro level one may ask: what are the advantages and disadvan- 
tages of government production subsidies to agriculture vis-a-vis manufactur- 
ing? Similary, one may investigate consumption subsidies. Currently wheat is 
the most important commod~ty in t h s  category. 
These policy issues will be addressed in the general equilibrium model 
framework. 
APPENDIX 
Plots of Supply Function 
Unless otherwise specified, units are as  defined in Table 3.3. for output. 
Yields are given in corresponding units per hectare. 
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Figure 4.1. Wheat 
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Figure 4.2. Rice 
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Figure 4.4. Roots 
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Figure 4.5. Sugar Cane 
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Figure 4 . 6 .  - Pulses 
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Figure 4.7. Vegetables 






Figu re  4.8. F r u i t s  
B R n Z I L  CRTTLE E Q I  
95.00 
- 96.00 
B R R Z I L  CRTTLE E Q I  
2.85 T 
Figure  4.9. Bovine - 
O B S E R V E D  
A A 
COMPUTED 
E3RRZIL PIGS E Q I  
42.00 T 
26'00 13, 66 664 7; 71 71 7; 74 7; 75 7; 
BRRZI  L PO8K E01, 
- 
O B S E R V E D  
COMPUTED 
F i g u r e  4 . 1 0 .  P o r k  
--8------8--. 
O B S E R V E D  
F i g u r e  4,11, P o u l t r y  -C O M P U T E D  




F i g u r e  4.12 .  F i s h  
-
COMPUTED 
BRRZIL MILK EQ1 
- 12.00 T 
Figu re  4.13. Dairy  
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Figure 4.15. Oilcrops 
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Figure 4.16. Coffee 
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Figure 4.17. Cocoa 
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Figure 4.19. Cotton 
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